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adjacently to each other, the so-called mutual coupling 
phenomena occurs and the single characteristic (antertna 
pattern) of the neighboring primary feeds changes 
significantly, thereby resulting in deterioration of the 
performance of antennas. Therefore, it is important to 
reduce the effect of mutual coupling phenomena as much as 
possible and satisfying the requirement is also an object of 
the invention. 



[Means to achieve the objects] 



In order to achieve the above objects, the present 
invention provides a radio wave lens antenna which is 
constructed by combining a primary feed with a hemispherical 
or spherical Luneberg radio wave lens wherein a reflective 
plate is attached to the half-cut surface of the sphere, the 
primary feed being formed of a dielectric-loaded waveguide 
antenna (dielectric-loaded feed) in which a dielectric body 
is loaded at an end opening of a waveguide. Further, two of 
the primary feeds are installed closely and the centers of 
the ends of the dielectric bodies of the two closely 
disposed primary feeds are located off the extension of each 
waveguide's center axis by disposing the centers at off- 
centered positions in a direction that the centers are 
remotely spaced apart from each other. Although the 
waveguide constituting in the primary feed can be tapered to 



have a slightly wider periphery in consideration of the 
insertion of dielectric body or die-cutting in production, 
it is basically a straight tube and differs in shape from 
the waveguide used for a horn antenna. 

The dielectric-loadeci waveguide antenna employed in 
this radio wave lens antenna is preferably a rectangular 
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waveguide loaded with a dielectric body at an end opening 
(dielectric-loaded rectangular waveguide antenna) rather 
than a circular waveguide or a waveguide having an 
elliptical cross section. The term rectangular waveguide 
5 used herein basically indicates a tube with a square cross 
section. However, it can have a rectangular cross section 
to adjust the antenna patterns of an E-plane and an H-plane. 
It is also preferable that the dielectric-loaded waveguide 
antenna is a choke structure antenna with an annular groove 
10 around the front surface the waveguide. 

A dielectric body loaded at the end opening of the 
waveguide can be of a column shape. The desirable shapes of 
the dielectric body are as follows: 

- Having the dielectric body protruded from the end of 
15 a waveguide and make the protrusion be of a taper shape 

having a thinned end; 

- Removing a part of the outer periphery of the 
protrusion of the dielectric body projected forward from the 
waveguide along the plane of a direction intersecting the 

20 cross section of the waveguide (cross section normal to the 
axis) ; 

- In the plane including the cross section of the 

25 
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propagate through the waveguide is lower compared to that of 
a same size circular waveguide. Thus, the rectangular 
waveguide can ensure a desirable frequency band with a 
smaller tube than the circular waveguide. Therefore, the 
5 primary feed formed of a dielectric-loaded rectangular 
waveguide antenna can satisfy a higher degree of compactness 
required for a primary feed combined with the radio wave 
lens . 

As discussed above, since the radio wave lens antenna 

10 in accordance with the present invention is constructed by 
combining the primary feed including the dielectric-loaded 
waveguide antenna and the hemispherical Luneberg radio wave 
lens, compactness of the primary feed can be achieved while 
reducing sidelobes of the lens antenna. Thus, it is 

15 possible to realize an efficient multi-beam antenna which 
communicates with a plurality of satellites spaced at small 
elongations. Further, if two primary feeds are disposed 
closely, mutual coupling phenomena occurs, resulting in the 
distortion of radio waves captured by the respective primary 

20 feeds. However, in accordance with the present invention, 
the centers of the ends of the dielectric bodies of the two 
primary feeds are located off the extension of each 
waveguide's center axis by disposing the centers at off- 
centered positions in a direction that the centers are 

25 remotely spaced apart from each other. Thus, even though 
two primary feeds come close to each other, mutual coupling 
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phenomena is suppressed and the distortion is reduced, so 
that communication sensitivity for the geostationary 
satellites is improved. 

Further, by having the dielectric body protruded from 
the waveguide to be of a taper shape with a thinned end, 
removing a part of the outer periphery of the protrusion of 
the dielectric body projected forward from the waveguide 
along the plane of the length direction of the waveguide and 
further making the dimension of the protrusion of the 
dielectric body smaller in the disposed direction of the 



15 



20 



25 

-10/1- 



primary feeds than in the direction normal to that, the 
distance between the dielectric bodies of the adjacently 
disposed primary feeds becomes large, so that the effect of 
suppressing mutual coupling phenomena is enhanced. 
5 Furthermore, by cutting out the end of the dielectric 

body protruded from the waveguide, the length of the primary 
feed is shortened and, hence, the antenna can be further 
scaled down. Besides, excellent water repellence can be 
achieved by making the cut-out end of the dielectric body in 
10 a round shape. 

Detailed Description of the Preferred Embodiment 

Figs . 3 to 13 represent preferred embodiments of the 
15 present invention. The basic structure of a radio wave lens 
antenna in accordance with the present invention is 
identical to that shown in Fig. 1 (there can be the one that 
employs a spherical Luneberg radio wave lens without a 
reflective plate) except a primary feed and a method for 
20 disposing two primary feeds closely. Thus, only the 
structures or the disposition methods of the primary feeds 
are described in the embodiments. 

A primary feed 3 in Fig. 3 is constructed by loading a 
dielectric body 6 having a polygonal column shape, at the end 
25 opening of a rectangular waveguide 4. 

On the other hand, a primary feed 3 in Fig. 4 is 



-11- 



constructed by loading a dielectric body 6 of a circular 
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Further, considering water repellence in case of being 
wetted by rain, it is preferable that the cut-out end of the 
dielectric body 6 is of a round shape as shown in Fig. 10(c) 
rather than flat as shown in Fig. 10(b). 
5 When the protrusion of the dielectric body 6 is of a 

cone-shape, the vertex is located off the center axis of the 
base of the cone as illustrated Fig. 10(d). In the present 
invention, two primary feeds 3 each having the dielectric 
body 6 whose protrusion is of a non-rotational symmetrical 

10 shape as described above are disposed closely. If two 
primary feeds are disposed closely, mutual coupling 
phenomena occurs, resulting in the distortion of radio waves 
captured by the respective primary feeds. However, the 
distortion can be reduced by disposing the ends of the 

15 protrusions of the dielectric bodies 6 at off-centered 
positions in such manner that they are remotely spaced apart 
from each other as shown in Fig. 11. 

As illustrated in Fig. 12, a part of the outer 
periphery of the protrusion of the dielectric body 6 is cut 

20 out along the plane of a direction intersecting the cross 
section normal to " the axis of the waveguide and such 
dielectric bodies 6 are loaded to the waveguides of the 
adjacent primary feeds in such a manner that the cut out 
surfaces of the outer peripheries face each other. The 

25 coupling can be also reduced in such a structure. Although 
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Brief Description of the Drawings 

Fig. 1 offers a schematic diagram of an antenna using 
a hemispherical Luneberg radio wave lens. 
5 Fig. 2(a) shows an antenna pattern in case of a 

uniform amplitude distribution and Fig. 2(b) is an antenna 
pattern in case of a tapered amplitude distribution. 

Fig. 3(a) provides a perspective view for describing 
main parts of an exemplary primary feed and Fig. 3(b) 
10 illustrates a cross section of a rectangular waveguide. 

Fig. 4 sets forth a perspective view for describing 
main parts of another exemplary primary feed. 

Fig. 5 shows a side view for describing main parts of 
the basic configuration of the primary feed. 
15 Fig. 6 provides a side view of the main parts of the 

primary feed further having a choke structure. 

Fig. 7 describes a cross sectional view of the main 
parts of the primary feed loaded with a convex lens-shaped 
dielectric body. 

20 Fig. 8(a) depicts the disposition of two primary feeds 

employing circular waveguides and Fig. 8(b) is the 
disposition of two primary feeds employing rectangular 
waveguides . 

25 
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What is claimed is: 

1. (Amended) A radio wave lens antenna comprising: 

a hemispherical radio wave lens for focusing radio 
5 wave beams; 

a reflective plate attached to a half-cut surface of 
the sphere of the radio wave lens for reflecting radio waves 
incoming from the sky or radiated toward targets; and 

primary feeds positioned at arbitrary radio wave focus 
10 points of the radio wave lens for transmitting or receiving 
the radio waves, 

wherein each primary feed includes a dielectric-loaded 
waveguide antenna where a dielectric body is loaded at an 
end opening of a waveguide and two of the primary feeds are 
15 installed closely and centers of the ends of the dielectric 
bodies of the two closely disposed primary feeds are 
disposed at off-centered positions in a direction that the 
centers are remotely spaced apart from each other to be 
located off the extension of each waveguide's center axis. 

20 

2. (Amended) A radio wave lens antenna comprising: 

a spherical radio wave lens for focusing radio wave 
beams ; and 

primary feeds positioned at arbitrary radio wave focus 
25 points of the radio wave lens for transmitting or receiving 
the radio waves, 
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wherein each primary feed includes a dielectric-loaded 
waveguide antenna where a dielectric body is loaded at an 
end opening of a waveguide and two of the primary feeds are 
installed closely and centers of the ends of the dielectric 
5 bodies of the two closely disposed primary feeds are 
disposed at off-centered positions in a direction that the 
centers are remotely spaced apart from each other to be 
located off the extension of each waveguide's center axis. 

10 3. The radio wave lens antenna of claim 1 or 2, wherein 
the dielectric-loaded waveguide antenna is a dielectric- 
loaded rectangular waveguide antenna where the dielectric 
body is loaded at the end opening of a rectangular waveguide. 

15 4. The radio wave lens antenna of any one of claims 1 to 
3, wherein the dielectric body of the dielectric-loaded 
waveguide antenna is protruded forward from the waveguide 
and a protruded portion of the dielectric body is of a taper 
shape having a thinned end. 

20 

5. (Cancelled) 

6. The radio wave lens antenna of any one of claims 1 to 
3, wherein the dielectric body is protruded forward from the 

25 waveguide and a part of an outer periphery of a protruded 
portion of the dielectric body is removed along a plane of a 
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direction intersecting a cross section of the waveguide. 



7. (Amended) The radio wave lens antenna of claim 4 or 6, 
wherein in a plane including a cross section of the 

5 protruded portion of the dielectric body protruded forward 
from the waveguide, a dimension of the protruded portion in 
a disposed direction of the primary feeds is smaller than 
that in a direction normal to the disposed direction of the 
primary feeds. 

10 

8. (Amended) The radio wave lens antenna of any one of 
claims 4, 6 and 7, wherein an end of the dielectric body 
protruded from the waveguide is cut out such that the end of 
the dielectric body is of flat or a round shape. 

15 

9. (Cancelled) 

10. (Cancelled) 
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